Objective: Mud, which contains organic and mineral ingredients, is used for the treatment of several degenerative diseases. It has been proposed that beneficial effects of mud are not only related to its local thermal effects, but also to its chemical components. Unlike hydrophilic components, the lipophilic components of the mud extract have not been described precisely thus far. Thus, we aimed to determine the lipophilic components of the different mud species.
INTRODUCTION B
alneotherapy, including mud therapy of rheumatic diseases and other musculoskeletal conditions, is one of the oldest forms of natural therapies. 1 This ancient method of therapy is still widely used in central Europe, and is experiencing a rejuvenation in many countries, including the United States and Canada, where it is hardly known by mainstream medicine representatives.
Mud therapy, applied to the whole body, alone, or in combination with other modalities of balneotherapy, has been shown to improve symptoms of rheumatoid arthritis, psoriatic arthritis, fibromyalgia, and osteoarthritis. 2 The beneficial effect of mud treatment has been often ascribed to the heat alone, but several studies showed that a specific action should also be considered. It has been reported that aqueous pharmacologically active and water-soluble (hydrophilic) substances of mud extracts could permeate human skin in quantities that are sufficient to cause biologic effects. 3 Although gallic, vanilic, humic, and protocatechic acid derivatives were shown in the aqueous mud extract, fulmic and ulmic acid derivatives were found predominantly and considered as responsible substances of chemical activity of the mud. 4 However, it is still not clear which elements or organic substrates are essential and what is the ideal concentration of each element in order to attain an optimal response to treatment. We think that chemical effects of the mud species could be attributed not only to hydrophilic components of the thermal mud pack, but also lipophilic components may contribute to this effect. To our knowledge, unlike hydrophilic components, the lipophilic components of the mud extract have not been described precisely thus far. Thus, we aimed to determine the lipophilic components of mud, using gas chromatography-mass spectrometry (GC/MS).
MATERIALS AND METHODS

Mud species and definition
The three mud species used in this study were defined according to the classification done by the German Spa Association. 5 (The term peloid was used instead of mud in this classification). Although there were many subgroups under this classification, main groups, including mud, were used for definitions instead of subgroups. Based on this, torf mud occurs owing to the rotting of plantal materials under a stillwater environment. The rotting layers gradually moving toward the deep layer of earth, where the oxygen supply cuts off, are then subjected to chemical processes (i.e., humification processes). Krenogen mud is composed of so-called substances, which occur during long-term contacts with thermal waters. The term krenogen mud, used in this study, is made of mud containing thermal water with sulfide ingredient. Fango mud does not depend on the existence of water, since it is a dry residual product of solid rock, which is insoluble in water. Mud species used in this study were obtained from the Denizli and Eskisehir regions in Turkey.
Methods
Five (5) g of three different mud species (krenogen, tone, and torf) were extracted separately with 10 mL of acetonitrile and 10 mL of chloroform and then centrifuged (Nuve, Istanbul, Turkey) for 5 minutes at 3000 ϫ g. The supernatant was obtained and evaporated to dryness under nitrogen in a water bath at 40°C and then dissolved in 200 L of methanol, from which 2 L was injected into GC-MS.
Analysis of the extracts was performed by using a GC-MS-QP5050 (Shimadzu, Kyoto, Japan), equipped with a 
RESULTS
We analyzed the compounds of three different types of mud species, using GC-MS. The compounds were shown in Tables 1-3 for krenogen mud, fango mud, and torf mud, respectively. Torf species contain the most compounds. The contents of three mud species differ from each other (Table 4 ).
DISCUSSION
In this study, many organic substances, with molecular weights lower than 1000 Da, mainly composed of fatty ODABASI ET AL. 1116 acids, were found in the chemical structure of different mud species by using the GC-MS method. In addition, we observed that the contents of mud species differ from each other. The mud species, containing the most organic substances with a fatty acid structure, was found to be torf mud. Our study demonstrates that the chemical ingredients of the mud species differ from each other for the first time. In addition, the effects of these substances on osteoarthritis, rheumatoid arthritis, and psoriasis have not been discussed in other papers. Nevertheless, it is not possible to show clearly the mechanism of the effect of the mud treatment. It has been claimed that these benefits result from the combination of chemical and thermal effects. 6 The clear understanding of thermal effects is, unfortunately, not valid for that of chemical effect. There is also no consensus about the substances, which are responsible for the chemical effects.
In osteoarthritis, rheumatoid arthritis, psoriasis, and fibromyalgia studies, where Dead sea-Israel mud is used as a mudpack, it has been expressed that beneficial effects may occur not only from thermal effects, but also from chemical effects. It has also been pointed out that minerals such as bromine, rubidium, calcium, and zinc were assumed to play a role on chemical effects. [7] [8] [9] [10] [11] [12] Further, it was shown that the therapeutic activity of mature thermal mud is owing to an anti-inflammatory compound, sulphoglycolipid, which is produced by colonizing microorganisms during the maturation process. 13 However, Beer et al. reported that water-soluble compounds of fulvic and ulmic acids were found to have a stimulatory response on the contractile activity of smooth muscle tissue. 3 In addition to these two compounds, the impacts of humic acid derivatives as a component of the chemical effects were proposed by the same researchers. 14 It was also assumed that gallic, vanilic, and protocatechic acid derivatives might play a role on the chemical effects of mud. 4 In conclusion, no other substances were reported regarding their impacts on the chemical structure of mud, as mentioned above, except minerals, humic, gallic, vanilic, and protocatechic acid derivatives, and sulphoglycolipid compounds.
On the other hand, our study is unique in showing the different chemical compounds among mud species. We believe that these differences may be related to differences in the mechanisms of the formation of mud species. This may also explain the existence of much more organic compounds in torf mud, since this group of mud has been more exposed to organic formation, compared to other mud species, considering the duration of mud formation.
It is well known that the composition of mud in general is very complex and it may differ, depending on the mud source. Moreover, the quality and composition of mud may depend on various factors, such as the place of origin, the primary types of the plant origins, and a whole spectrum of environmental factors. 3, 5 However, we do not know how the differences in chemical compounds existing in mud species may affect the quality of balneologic therapy. Our study also shows that the English terminology used in this treatment, such as mudpack, mud treatment, mud therapy, and so forth, are not enough to explain the differences within chemical structures. In other words, these substances, having different formation conditions, 15 containing different ratios of organic and inorganic minerals, 16 and having different heat and water capacities, 17 were explained by one mud definition without considering the above-mentioned differences. Thus, we believe that the terminology used for mud treatment should be reconsidered, based on these summarized differences.
On the other hand, it is not possible to answer clearly the role of fatty acid-structured organic substances, [18] [19] [20] which were consumed within daily nutrition, on the chemical effects during mud therapy through skin.
CONCLUSIONS
In conclusion, the chemical structure of mud does not only contain hydrophilic substances, such as humic, fulmic, and ulmic acids, but also fatty acid-structured organic substances with lower molecular weights. In order to find the impact of these substances-alone or in combination-on the chemical effects of mud, further studies are required. Moreover, instead of using one single mud term for substances that have different chemical structures, a more detailed definition and/or classification should be used.
